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inlet opening 606 configured to receive a first flow of fluid
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the central axis. The pre-mixing bowl further includes a
third inlet opening 604 configured to receive a third flow
of fluid to direct the third flow of fluid to the mixing section.
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Description
BACKGROUND

[0001] The field of the disclosure relates generally to
jet pumps and, more particularly, to a jet pump having
fully mixed flow in a distance less than four diameters of
the mixing tube length.

[0002] At least some known aircraft air management
systems (AMS) include supply sources for high-pressure
(HP), low-pressure (LP), and mixed mode bleed levels.
Typically, the HP and LP flows are supplied directly from
a bleed port on a respective engine. Mixed mode bleed
is supplied through a jet pump. The jet pump receives
both HP and LP air flow, mixes the flows in selectable
proportions and delivers the mixed mode bleed air to the
AMS. Newer engines tend to have constrained space
requirements that do not permit the use of standard ar-
chitecture jet pump components and simply scaling the
standard architecture jet pumps will not be able to mix
the HP and LP flows adequately.

BRIEF DESCRIPTION

[0003] In one aspect, a jet pump system includes a
pre-mixing bowl that includes a nozzle along a central
axis with a mixing section at least partially surrounding
the nozzle. The pre-mixing bowl also includes a first inlet
opening configured to receive a first flow of fluid from a
first pressurized fluid source and direct the first flow of
fluid to an inlet of the nozzle, a second inlet opening con-
figured to receive a second flow of fluid from a second
pressurized fluid source and to direct the second flow of
fluid to the mixing section. The second inlet opening in-
cludes a first inlet opening area and an entry angle into
the pre-mixing bowl that is oblique with respect to the
central axis, and a third inlet opening configured to re-
ceive a third flow of fluid from the second pressurized
fluid source and to direct the third flow of fluid to the mixing
section. The third inlet opening including a second inlet
opening area and an entry angle into the pre-mixing bowl
that is oblique with respect to the central axis. The pre-
mixing bowl also includes an outlet opening configured
to direct the first, second and third flows of fluid from the
pre-mixing bowl. The jet pump system further includes a
mixing tube extending from the outlet opening aligned
with the central axis.

[0004] In another aspect, a method of supplying air at
a plurality of different flows and a plurality of different
pressures. The method includes channeling a first flow
of relatively high pressure fluid to an inlet of a nozzle of
a pre-mixer and channeling at least one of a plurality of
flows of relatively low-pressure fluid and a second flow
of relatively high-pressure fluid into a mixing section of
the pre-mixer. The low pressure flows being of unequal
flow rate and unequal flow velocity. The flows channeled
through a respective arcuate path prior to entering the
mixing section such that each of the plurality of flows of

10

15

20

25

30

35

40

45

50

55

relatively low-pressure fluid has a flow gradient across
the respective flows upon entry into the mixing section.
The method also includes mixing the flow of relatively
high-pressure fluid and the plurality of flows of relatively
low-pressure fluid in the mixing section downstream of
the nozzle as well as blocking the first flow of relatively
high-pressure fluid to an inlet of a nozzle of the pre-mixer
allowing the plurality of second flows of relatively lower
pressure fluid into the mixing section such that only rel-
atively low-pressure fluid enters the pre-mixer, and block-
ing the plurality of flows of relatively low-pressure fluid
into the mixing section such that only the flow of relatively
high-pressure fluid enters the pre-mixer.

[0005] Inyetanotheraspect, an aircraft includes an air
management system (AMS) that includes a jet pump ap-
paratus. The jet pump apparatus includes a pre-mixing
bowl having a nozzle along a central axis, a pre-mixing
section at least partially surrounding the nozzle, a first
inlet opening configured to receive a first flow of fluid from
a first pressurized fluid source and direct the first flow of
fluid to an inlet of the nozzle, and a second inlet opening
configured to receive a second flow of fluid from a second
pressurized fluid source and to direct the second flow of
fluid to the mixing section. The second inlet opening in-
cluding a first inlet opening area and an entry angle into
the pre-mixing bowl that is oblique with respect to the
central axis. The pre-mixing bowl includes a third inlet
opening configured to receive a third flow of fluid from
the second pressurized fluid source and to direct the third
flow of fluid to the mixing section. The third inlet opening
including a second inlet opening area and an entry angle
into the pre-mixing bowl that is oblique with respect to
the central axis and an outlet opening configured to direct
the first, second and third flows of fluid from the pre-mix-
ing bowl. The jet pump apparatus further includes a mix-
ing tube extending from the outlet opening aligned with
the central axis.

DRAWINGS

[0006] These and other features, aspects, and advan-
tages of the present disclosure will become better under-
stood when the following detailed description is read with
reference to the accompanying drawings in which like
characters represent like parts throughout the drawings,
wherein:

FIG. 1 is a perspective view of an aircraft including
a fuselage and a wing in accordance with one ex-
ample embodiment of the present disclosure.

FIG. 2 is a three dimensional (3D) isometric piping
view of an aircraft air management system (AMS)
supply source.

FIG. 3 is a three dimensional (3D) isometric piping
view of a portion of the aircraft air management sys-
tems (AMS) supply source shown in FIG. 2.
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FIG. 4 is a plan view of the portion of aircraft air man-
agement systems (AMS) supply source shown in
FIG. 3.

FIG. 5 is an elevation view of the portion of aircraft
air management systems (AMS) supply source
shown in FIG. 2.

FIG. 6 is a side elevation view of a mixing bowl with
parts partially cut away.

FIG. 7 is a view of the mixing bowl from below looking
up into the jet pump connecting flange with the nozzle
having a conical shape as shown in FIG. 6.

FIG. 8is a view of the mixing bowl from below looking
up into the jet pump connecting flange with a nozzle
having a lobed-shape.

FIG. 9 is a plan view of the mixing bowl| with the
nozzle having the lobed-shape as shown in FIG. 8
to generate additional flow shear between the LP
and HP streams.

FIG. 10 is a plan view of the mixing bowl! with the
nozzle having an alternate shape that also increases
flow shear.

FIG. 11 is a plan view of the mixing bowl! with the
nozzle having another alternate shape that also in-
creases flow shear.

FIG. 12is a side elevation view of a nozzle including
a helical lobed-shape.

FIG. 13 is a 3D isometric view showing mixed flow
through a jet pump in accordance with an example
embodiment of the present disclosure.

[0007] Unless otherwise indicated, the drawings pro-
vided herein are meant to illustrate features of embodi-
ments of this disclosure. These features are believed to
be applicable in a wide variety of systems comprising
one or more embodiments of this disclosure. As such,
the drawings are not meant to include all conventional
features known by those of ordinary skill in the art to be
required for the practice of the embodiments disclosed
herein.

DETAILED DESCRIPTION

[0008] Inthe following specification and the claims, ref-
erence will be made to a number of terms, which shall
be defined to have the following meanings.

[0009] The singular forms "a", "an", and "the" include
plural references unless the context clearly dictates oth-
erwise.

[0010] "Optional" or "optionally" means that the sub-
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sequently described event or circumstance may or may
not occur, and that the description includes instances
where the event occurs and instances where it does not.
[0011] Approximating language, as used herein
throughout the specification and claims, may be applied
to modify any quantitative representation that could per-
missibly vary without resulting in a change in the basic
function to which it is related. Accordingly, a value mod-
ified by a term or terms, such as "about", "approximately",
and "substantially”, are not to be limited to the precise
value specified. In at least some instances, the approx-
imating language may correspond to the precision of an
instrument for measuring the value. Here and throughout
the specification and claims, range limitations may be
combined and/or interchanged, such ranges are identi-
fied and include all the sub-ranges contained therein un-
less context or language indicates otherwise.

[0012] The jet pump systems described herein provide
a cost-effective method for providing mixed mode bleed
air to an air management system (AMS) using a shorter
length mixing tube than is currently available. Simply
scaling down a standard architecture jet pump does not
provide adequate mixing. The jet pump described herein
is capable of having fully mixed flow in a distance less
than four diameters of a length of a mixing tube portion
of the jet pump. The embodiments described herein use
high-pressure compressor (HPC) bleed from a fourth
stage, relatively low-pressure port and/or tenth stage, rel-
atively high-pressure port of a gas turbine engine com-
pressor for the aircraft environmental control system
(ECS) and Wing Anti-lce (WAI). In the example embod-
iment, bleed from the fourth stage can be up to approx-
imately 10% of core air flow and up to approximately 15%
of core air flow from the tenth stage. Under certain con-
ditions neither stage can deliver a required air pressure
wherein the fourth stage operates below a first pres-
sure/temperature limit and the tenth stage operates
above a second pressure/temperature limit. Mixing the
fourth stage and tenth stage bleed air is used to supply
airbetween the capabilities that the fourth stage and tenth
stage bleed air can supply alone. Specifically, the em-
bodiments described herein use one or more of the fol-
lowing features to provide fully developed mixed flow in
less than four diameters of the mixing section entrance.
Namely, the features include upstream duct bends that
promote non-uniform flow field between the multiple in-
lets and promote swirl in the flow of low-pressure air,
without use of swirl vanes. Multiple low-pressure inlets
of different diameters (but close to 50-50 flow split) allow
the higher velocity LP leg to pre-swirl the lower velocity
LP leg prior to HP flow introduction (i.e. preboost LP flow
and produce better swirl in mixing duct), and multi-inlets
arranged at an angle to mixed flow direction to balance
swirl with flow performance requirements (minimize loss-
es in LP stream). The feature also include a pre-mixing
bowl to minimize total pressure losses and promote effi-
cient swirl generation, pre-swirl to facilitate maintaining
HP center jet coherence at mixing section entrance, al-
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lowing a shorter central nozzle, which is lighter weight,
increases effective mixing length, lessens LP losses, and
improves backflow margin. The features of the disclosed
jet pump system further include a conic central nozzle
that improves swirl generation by inducing the non-uni-
form inlet flow fields to flow around a central blockage in
the mixing section downstream of the nozzle outlet, an
HP nozzle is designed to maximize flow shear between
the LP and the HP flow using a nozzle having lobes of
various configurations, which approximates a compact
and lightweight multi-port nozzle. The helix-lobed nozzle
configuration generates additional HP swirl and addition-
al mixing effectiveness in a relatively shorter mixing sec-
tion than previous designs. The helix-lobed nozzle further
provides additional LP swirl at the same time. The jet
pump system described herein operates efficiently
across the entire range of engine power levels, and
across a broad range of LP/HP pressure ratios, which
enables an HP pressure regulation strategy directed to-
ward engine or jet pump efficiency, depending on which
benefit is desired at the time.

[0013] FIG. 1 is a perspective view of an aircraft 100
including a fuselage 102 and a wing 104. Although illus-
trated and described in FIG. 1 as an under-wing engine,
it should be understood that the disclosure has similar
applicability to fuselage mounted engines and skid or
hard mounted engines as well. A gas turbine engine 106
is coupled to wing 104 and is configured to supply pro-
pulsive power to aircraft 100 and may be a source of
auxiliary power to various systems of aircraft 100. For
example, gas turbine engine 106 may supply electrical
power and pressurized air to the various systems. In one
example, gas turbine engine 106 supplies pressurized
air to an aircraft air management system (AMS) 108. In
various embodiments, gas turbine engine 106 supplies
a relatively higher pressure air through a first high-pres-
sure conduit 110 and relatively lower pressure air through
a second low-pressure conduit 112. In other embodi-
ments, the relatively higher pressure air, the relatively
lower pressure air, and a combination of the relatively
higher pressure air and the relatively lower pressure air
is generated proximate gas turbine engine 106 and chan-
neled to AMS 108 through a single conduit, for example,
first high-pressure conduit 110 or second low-pressure
conduit 112.

[0014] FIG.2is athree dimensional (3D) isometric pip-
ing view of an aircraft air management system (AMS)
supply source 200. AMS supply source 200 includes a
high-pressure (HP) source, such as, but not limited to
one or more compressor 10t stage bleed ports 202, low-
pressure (LP) source, such as, but not limited to one or
more compressor 4th stage bleed ports 204. Air from var-
ious combinations of ports 202 and 204 provide high-
pressure, low-pressure, and mixed mode flows to a jet
pump 205, which is supplied through a jet pump outlet
207 to a downstream AMS. Typically, the HP and LP
flows are supplied directly from bleed ports 202 and 204
fromarespective engine. A mixed mode bleed is supplied
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through a jet pump 205. Jet pump 205 receives both HP
and LP air flow, mixes the flows in selectable proportions
in a pre-mixing bowl 206 and delivers the mixed mode
bleed airto the AMS through a mixing tube 209. Upstream
ductbends 211 promote a non-uniform flow field between
the multiple inlets, promoting swirl in the low-pressure
flows without the use of swirl vanes.

[0015] A jet pump shutoff valve (JPSOV) 208 modu-
lates to supply high-pressure air to a throat 210 of jet
pump 205. A high-pressure shutoff valve (HPSOV) 212
modulates to supply high-pressure air from 10th stage
ports 202 to a first inlet 214. Check valves 216 and 218
prevent back flow from 10th stage ports 202 to 4th stage
bleed ports 204.

[0016] AMS supply source 200 operates in three
modes where outlet 207 is supplied from low-pressure
4th stage bleed ports 204, from high-pressure bleed ports
202, and amixed supply from both low-pressure 4th stage
bleed ports 204 and high-pressure bleed ports 202. In a
first mode, outlet 207 is supplied from low-pressure 4th
stage bleed ports 204 with both JPSOV 208 and HPSOV
212 in a closed position. In a second mode, outlet 207 is
supplied from high-pressure bleed ports 202 with JPSOV
208 in a closed position and HPSOV 212 in an open
position. A third mode is a jet pump mode where HPSOV
212 s in a closed position and JPSOV 208 is in an open
position. When in the open position, JPSOV 208 modu-
lates to adjust flow from a single leg of the high-pressure
supply portion 220 of AMS supply source 200.

[0017] A flow sensor is configured to measure an
amount of the extracted flow from the 10th stage is going
to AMS supply source 200. The 10th stage bleed meas-
urement is used to maintain an operation of engine 106
according to a predetermined air management schedule.
Bleeding air from the 10th stage may affect other stages
of engine 106. A map of a range of 10th stage flow rates
is used to determine an impact for the various flow rates
on engine 106. The 10th stage bleed flow rate is account-
ed for in thrust schemes and fielding schemes that affect
a performance of engine 106.

[0018] FIG. 3isathree dimensional (3D) isometric pip-
ing view of a portion of aircraft air management systems
(AMS) supply source 200 (shown in FIG. 2). FIG. 4 is a
plan view of the portion of aircraft air management sys-
tems (AMS) supply source 200 (shown in FIG. 3). FIG.
5 is an elevation view of the portion of aircraft air man-
agement systems (AMS) supply source 200 (shown in
FIG. 2).

[0019] FIG. 6is a side elevation view of a mixing bowl
601 with parts partially cut away. In the example embod-
iment, mixing bowl 601 includes a body 600 including a
jetpump connecting flange 602, firstinlet connection 214,
a second inlet connection 604, and a nozzle supply con-
nection 606. First inlet connection 214 and second inlet
connection 604 each includes a diameter 608 and 610,
respectively. In the example embodiment, diameter 608
is smaller than diameter 610 to provide air to jet pump
205 from two different locations at two different velocities.
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Multiple inlets of different diameters (but close to a 50-50
flow split) permits the higher velocity low-pressure flow
to pre-swirl the lower velocity low-pressure flow prior to
the introduction of the high-pressure flow (i.e. pre-boost
the low-pressure flow to better produce a swirl in mixing
bowl 601. Additionally, first inlet connection 214 is con-
figured to direct flow into a mixing section 611 at a first
inlet angle 612 and second inlet connection 604 is con-
figured to direct flow into mixing section 611 at a second
inlet angle 614. Delivering air to mixing section 611 from
substantially opposite directions, at different velocities,
and at a predetermined inlet angle promotes swirl and
mixing to occur within mixing section 611 and into mixing
tube 209 (shown in FIG. 2). A nozzle 616 receives air
from high-pressure compressor 10t stage bleed ports
202, accelerates the air into jet pump 205. Nozzle 616
includes a length 618, an inlet diameter 620, an outlet
diameter 622, and a central axis 624.

[0020] FIG. 7 is a view of mixing bowl 601 from below
looking up into jet pump connecting flange 602 with noz-
zle 616 having a conical shape as shown in FIG. 6. FIG.
8 is a view of mixing bow! 601 from below looking up into
jet pump connecting flange 602 with a nozzle 800 having
a lobed-shape. The lobed-shaped simulates a multi-port
ejector that effectively lengthens a shear layer between
high-pressure and low-pressure streams resulting in re-
duced losses. Additionally, other shapes than lobed are
possible and shapes with more or less lobes are also
possible.

[0021] FIG. 9 is a plan view of mixing bowl 601 with
nozzle 800 having the lobed-shape as shown in FIG. 8.
FIG. 10 is a plan view of mixing bowl 601 with nozzle
1000 having an alternate shape that also increases flow
shear. FIG. 11 is a plan view of mixing bowl 601 with
nozzle 1100 having another alternate shape that also
increases flow shear.

[0022] FIG. 12isaside elevation view of a nozzle 1200
including a helical lobed-shape. The lobes are twisted
along their length 1202 to promote swirl in the high-pres-
sure stream and low-pressure stream with additional im-
provements to the mixing length.

[0023] FIG. 13 is a 3D isometric view showing mixed
flow through a jet pump 1302 in accordance with an ex-
ample embodiment of the present disclosure. In the ex-
ample embodiment, jet pump 1302 includes a pre-mixing
bowl 1304. Pre-mixing bowl 1304 includes a nozzle 1306
having central axis 1308, a mixing section 1310 at least
partially surrounding nozzle 1306, first inlet opening or
nozzle supply connection 1312 configured to receive a
first flow of fluid 1314 from a first pressurized fluid source
(not shown) and to direct first flow of fluid 1314 to an inlet
1316 of nozzle 1306.

[0024] Pre-mixing bowl 1304 also includes a second
inlet opening 1318 configured to receive a second flow
of fluid 1320 from a second pressurized fluid source (not
shown) and to direct second flow of fluid 1320 into mixing
section 1310. Second inlet opening 1318 includes a first
inlet opening area 1322 and is oriented with an entry
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angle 1324 into pre-mixing bowl 1304 that is oblique with
respect to central axis 1308.

[0025] A third inlet opening 1326 is configured to re-
ceive a third flow of fluid 1328 from the second pressu-
rized fluid source (not shown) and to direct third flow of
fluid 1328 to mixing section 1310. Third inlet opening
1326 includes a second inlet opening area 1330 and an
entry angle 1332 into pre-mixing bowl 1304 thatis oblique
with respect to central axis 1308. An outlet opening 1334
is configured to direct first flow, second flow 1320 and
third flow 1328 from pre-mixing bowl 1304 into a mixing
tube 1336 extending from outlet opening 1334 aligned
with central axis 1308. Because of the different diameters
or different areas of the inlet openings for the legs of the
low-pressure flows and because the openings are orient-
ed at angle that directs the flow towards the outlet, and
because of the non-uniform flow gradient across the inlet
openings generated by the predetermined bends of the
inlet piping, the two low-pressure flows interact in a pre-
swirl flow in pre-mixing bowl 1304 that facilitates main-
taining a coherence at the HP center jet at the mixing
section entrance, allowing a shorter central nozzle. Such
a configuration permits a lighter weight jet pump having
an increased effective mixing length with less losses as-
sociated with the LP flow and an improved backflow mar-
gin. Conic central nozzle 1306 improves swirl generation
by inducing non-uniform inlet low-pressure flow fields to
flow around the central blockage of the mixing section.
Nozzle 1306 is also configured to maximize a flow shear
between LP and HP flow using a lobed configuration,
which approximates a compact and lightweight multi-port
ejector. In various embodiments, other nozzle shapes
and designs can meet the same objective. The helix
lobed configuration also generates additional HP swirl
and additional mixing effectiveness in an even shorter
mixing section and generates additional LP swirl at the
same time. The jet pump system describe herein oper-
ates efficiently across the entire range of engine power
levels, and across a broad range of LP/HP pressure ra-
tios.

[0026] Although specific features of various embodi-
ments of the disclosure may be shown in some drawings
and not in others, this is for convenience only. In accord-
ance with the principles of the disclosure, any feature of
a drawing may be referenced and/or claimed in combi-
nation with any feature of any other drawing.

[0027] This written description uses examples to dis-
close the embodiments, including the best mode, and
also to enable any person skilled in the art to practice the
embodiments, including making and using any devices
or systems and performing any incorporated methods.
The patentable scope of the disclosure is defined by the
claims, and may include other examples that occur to
those skilled in the art. Such other examples are intended
to be within the scope of the claims if they have structural
elements that do not differ from the literal language of
the claims, or if they include equivalent structural ele-
ments with insubstantial differences from the literal lan-
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guage of the claims.

[0028] Various aspects and embodiments of the
present invention are defined by the following numbered
clauses:

wherein at least one of said plurality of lobed pas-
sages comprises a polygonal cross-section.

6. The jet pump system of any preceding clause,

5 wherein at least one of said plurality of lobed pas-
1. A jet pump system comprising: sages comprises a cross-section having arcuate
portions.
a pre-mixing bowl comprising:
7. The jet pump system of any preceding clause,
a nozzle comprising a central axis; 10 wherein firstinlet opening is configured to selectively
receive a modulated flow of fluid from said first pres-
a mixing section at least partially surround- surized fluid source.
ing said nozzle;
8. The jet pump system of any preceding clause,
a first inlet opening configured to receive a 15 wherein at least one of said second and said third
first flow of fluid from a first pressurized fluid inlet openings are configured to receive an inlet flow
source and direct the first flow of fluid to an of fluid having a non-uniform flow gradient across a
inlet of said nozzle; and face of said opening.
asecondinletopening configuredtoreceive 20 9. The jet pump system of any preceding clause,
a second flow of fluid from a second pres- wherein an area of said second opening and an area
surized fluid source and to direct the second of said third inlet opening are different with respect
flow of fluid to said mixing section, said sec- to each other.
ond inlet opening comprising a first inlet
opening area, said second inlet opening 25 10. The jet pump system of any preceding clause,
comprising an entry angle into said pre-mix- wherein said second inlet opening and said third inlet
ing bowl that is oblique with respect to the opening are angled with respect to the central axis
central axis; to direct their respective flows toward said outlet
opening.
a third inlet opening configured to receive a 30
third flow of fluid from the second pressu- 11. The jet pump system of any preceding clause,
rized fluid source and to direct the third flow wherein the first inlet opening area is larger than the
of fluid to said mixing section, said third inlet second inlet opening such that a velocity of the flow
opening comprising a second inlet opening of fluid though said second inlet opening is greater
area, said third inlet opening comprisingan 35 than the flow of fluid though said first inlet opening,
entry angle into said pre-mixing bowl that is the uneven flow between said first inlet opening and
oblique with respect to the central axis; and said second inlet opening promoting a swirl in said
pre-mixing bowl.
an outlet opening configured to direct the
first, second and third flows of fluid from said 40 12. Amethod of supplying air at a plurality of different
pre-mixing bowl; and flows and a plurality of different pressures, said
method comprising:
a mixing tube extending from said outlet
opening aligned with the central axis. channeling afirst flow of relatively high-pressure
45 fluid to an inlet of a nozzle of a pre-mixer;
2. The jet pump system of clause 1, wherein said
nozzle comprises a conical cross-sectional. channeling at least one of a plurality of flows of
relatively low-pressure fluid and a second flow
3. The jet pump system of any preceding clause, of relatively high-pressure fluid into a mixing sec-
wherein said nozzle comprises a plurality of lobed 50 tion of the pre-mixer, the flows being of unequal
passages. flow rate and unequal flow velocity, the flows
channeled through a respective arcuate path
4. The jet pump system of any preceding clause, prior to entering the such that each of the plu-
wherein said plurality of lobed passages extend hel- rality of flows of relatively low-pressure fluid has
ically along the central axis and define a helical flow 55 aflow gradient across the respective flows upon

path through said nozzle.

5. The jet pump system of any preceding clause,

entry into the mixing section;

mixing the flow of relatively high-pressure fluid
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and the plurality of flows of relatively low-pres-
sure fluid in the mixing section downstream of
the nozzle;

blocking the first flow of relatively high-pressure
fluid to an inlet of a nozzle of the pre-mixer and
the second flow of relatively high-pressure fluid
into the mixing section such that only relatively
low-pressure fluid enters the pre-mixer; and

blocking the plurality of flows of relatively low-
pressure fluid into the mixing section such that
only the flow of relatively high-pressure fluid en-
ters the pre-mixer.

13. The method of any preceding clause, further
comprising mixing the plurality of flows of relatively
low-pressure fluid in the pre-mixer prior to mixing the
flows of relatively low-pressure fluid with the first flow
of relatively high-pressure fluid downstream of the
nozzle.

14. An aircraft comprising an air management sys-
tem (AMS), said AMS comprising:

a jet pump apparatus comprising:
a pre-mixing bowl comprising:
a nozzle comprising a central axis;

a mixing section at least partially sur-
rounding said nozzle;

a first inlet opening configured to re-
ceive afirst flow of fluid from afirst pres-
surized fluid source and direct the first
flow of fluid to an inlet of said nozzle;
and

asecond inletopening configured to re-
ceive a second flow of fluid from a sec-
ond pressurized fluid source and to di-
rect the second flow of fluid to said mix-
ing section, said second inlet opening
comprising a first inlet opening area,
said second inlet opening comprising
an entry angle into said pre-mixing bowl
thatis oblique with respectto the central
axis;

a third inlet opening configured to re-
ceive a third flow of fluid from the sec-
ond pressurized fluid source and to di-
rect the third flow of fluid to said mixing
section, said third inlet opening com-
prising a second inlet opening area,
said third inlet opening comprising an
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entry angle into said pre-mixing bowl
thatis oblique with respect to the central
axis; and

an outlet opening configured to direct
the first, second and third flows of fluid
from said pre-mixing bowl; and

amixing tube extending from said outlet
opening aligned with the central axis.

15. The jet pump system of any preceding clause,
wherein said nozzle comprises a conical cross-sec-
tional.

16. The jet pump system of any preceding clause,
wherein said nozzle comprises a plurality of lobed
passages.

17. The jet pump system of any preceding clause,
wherein said plurality of lobed passages extend hel-
ically along the central axis and define a helical flow
path through said nozzle.

18. The jet pump system of any preceding clause,
wherein an area of said second opening and an area
of said third inlet opening are different with respect
to each other.

19. The jet pump system of any preceding clause,
wherein said second opening and said third inlet
opening are angled with respect to the central axis
to direct their respective flows toward said outlet
opening.

20. The jet pump system of any preceding clause,
wherein the first inlet opening area is larger than the
second inlet opening such that a velocity of the flow
of fluid though said second inlet opening is greater
than the flow of fluid though said first inlet opening,
the uneven flow between said first inlet opening and
said second inlet opening promoting a swirl in said
pre-mixing bowl.

Claims

A jet pump system (200) comprising:
a pre-mixing bowl (206, 601) comprising:

a nozzle (616) comprising a central axis
(624);

a mixing section (611) at least partially sur-
rounding said nozzle (616);

a first inlet opening (606) configured to re-
ceive a first flow of fluid from a first pressu-
rized fluid source and direct the first flow of
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fluid to an inlet of said nozzle; and

a second inlet opening (214) configured to
receive a second flow of fluid from a second
pressurized fluid source and to direct the
second flow of fluid to said mixing section
(611), said second inlet opening comprising
afirstinlet opening area (608), said second
inlet opening comprising an entry angle into
said pre-mixing bowl that is oblique with re-
spect to the central axis (624);

a third inlet opening (604) configured to re-
ceive a third flow of fluid from the second
pressurized fluid source and to direct the
third flow of fluid to said mixing section, said
third inlet opening comprising a second inlet
opening area (610), said third inlet opening
comprising an entry angle into said pre-mix-
ing bowl that is oblique with respect to the
central axis (624); and

an outlet opening configured to direct the
first, second and third flows of fluid from said
pre-mixing bowl; and

amixing tube (209) extending from said out-
let opening aligned with the central axis.

The jet pump system (200) of claim 1, wherein said
nozzle (616) comprises a conical cross-sectional.

The jet pump system (200) of either of claim 1 or 2,
wherein said nozzle (616) comprises a plurality of
lobed passages.

The jet pump system (200) of any preceding claim,
wherein said plurality of lobed passages extend hel-
ically along the central axis and define a helical flow
path through said nozzle (616).

The jet pump system (200) of any preceding claim,
wherein at least one of said plurality of lobed pas-
sages comprises a polygonal cross-section.

The jet pump system (200) of any preceding claim,
wherein at least one of said plurality of lobed pas-
sages comprises a cross-section having arcuate
portions.

The jet pump system (200) of any preceding claim,
wherein first inlet opening (606) is configured to se-
lectively receive a modulated flow of fluid from said
first pressurized fluid source.

The jet pump system (200) of any preceding claim,
wherein at least one of said second and said third
inlet openings (214, 604) are configured to receive
an inlet flow of fluid having a non-uniform flow gra-
dient across a face of said opening.

The jet pump system (200) of any preceding claim,
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12.

13.

wherein an area of said second opening (214) and
an area of said third inlet opening (604) are different
with respect to each other.

The jet pump system (200) of any preceding claim,
wherein said second inlet opening (214) and said
third inlet opening (604) are angled with respect to
the central axis (624) to direct their respective flows
toward said outlet opening.

The jet pump system (200) of any preceding claim,
wherein the first inlet opening area (608) is larger
than the second inlet opening (610) such that a ve-
locity of the flow of fluid though said second inlet
opening is greater than the flow of fluid though said
firstinlet opening, the uneven flow between said first
inlet opening and said second inlet opening promot-
ing a swirl in said pre-mixing bowl.

A method of supplying air at a plurality of different
flows and a plurality of different pressures, said
method comprising:

channeling afirst flow of relatively high-pressure
fluid to an inlet of a nozzle of a pre-mixer (206,
601);

channeling at least one of a plurality of flows of
relatively low-pressure fluid and a second flow
ofrelatively high-pressure fluid into a mixing sec-
tion (611) of the pre-mixer (206, 601), the flows
being of unequal flow rate and unequal flow ve-
locity, the flows channeled through a respective
arcuate path prior to entering the such that each
of the plurality of flows of relatively low-pressure
fluid has a flow gradient across the respective
flows upon entry into the mixing section;
mixing the flow of relatively high-pressure fluid
and the plurality of flows of relatively low-pres-
sure fluid in the mixing section downstream of
the nozzle;

blocking the first flow of relatively high-pressure
fluid to an inlet of a nozzle of the pre-mixer (206,
601) and the second flow of relatively high-pres-
sure fluid into the mixing section such that only
relatively low-pressure fluid enters the pre-mix-
er; and

blocking the plurality of flows of relatively low-
pressure fluid into the mixing section such that
only the flow of relatively high-pressure fluid en-
ters the pre-mixer.

The method of claim 12, further comprising mixing
the plurality of flows of relatively low-pressure fluid
in the pre-mixer (206, 601) prior to mixing the flows
of relatively low-pressure fluid with the first flow of
relatively high-pressure fluid downstream of the noz-
zZle.
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14. An aircraft comprising an air management system
(AMS), said AMS comprising the jet pump system
(200) of any of claims 1 to 11.
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